A: I must apologize that I do not fully understand the question. However, we have detailed the 12 differences in the native soil properties compared to the ones that are impacted primarily by golf course 13 management in the paragraph starting at line 164 in the manuscript. 
Dear Editor, 3 4
First, thank you for your effort and detail in reviewing our manuscript. We have incorporated all of the 5 line to line comments from the referees and have addressed all of the main concerns in this revised 6 version of the manuscript. You will also find a response to your individual concerns below as well as in 7 the submitted "mark-up" version of the manuscript found below. 8 9
1. Why the variation of soil properties in depth is consider in this research to be less than the expected 10 variations due to anthropogenic impacts? 11 A: I must apologize that I do not fully understand the question. However, we have detailed the 12 differences in the native soil properties compared to the ones that are impacted primarily by golf course 13 management in the paragraph starting at line 164 in the manuscript. Our results show that human 14 alteration is significantly greater than the natural variability. 15 16 2. Why variation within each location (golf course) is assumed to be less relevant than variations 17 between locations? It is necessary to explain in the manuscript, particularly in the methods section all 18 the evidences that the authors have in relation to this issue. 4. Could you be a bit more conceptual and less descriptive in your conclusion? Which relevance for 29 sustainability on medium and long term, for soil health has that the soils of golf courses are affected by 30 management? You can introduce also this issue in the discussion. 31 A: We have added a conceptual portion to the conclusion that includes the relevance and implications of 32 this preliminary research, supporting the need for a more detailed study. Similar changes have been 33 included in the revised abstract. 34 35 36 37 38 the most intensively managed soils in the world. Iowa golf courses provide an ideal location to 48 evaluate whether golf course management is affecting the quality of soils at depth. Our study 49 evaluated how soil properties relating to soil health and resiliency varied with depth at golf 50 courses across Iowa and interpreted relationships of these properties to current golf course 51 management, previous landuse, and inherent soil properties. Systematic variation in soil 52 properties including sand content, NO 3 , and SOM were observed with depth at six Iowa golf 53 courses among three landform regions. Variability in sand content was identified between the 54 20 and 50 cm depth classes at all courses, where sand content decreased by as much as 37%. 55 Highest concentrations of SOM and NO 3 were found in the shallowest soils, whereas total C and 56 P variability was not related to golf course management. Sand content and NO 3 were found to 57 be directly related to golf course management, particularly at shallow depths. The effects of 58 golf course management dissipated with depth and deeper soil variations were primarily due to 59 natural geologic conditions. These two soil properties that were most noticeably altered by golf 60 course management may directly impact crop productivity, soil health, and water quality and 61 while NO 3 may be altered relatively quickly in soil through natural processes, particle size of the 62 soil may not be altered without extensive mitigation. Iowa golf courses continue to be 63 developed in areas of landuse change from historically native prairies and more recently 64 agriculture to urban landscapes. As soils are continually altered by human impacts, it is
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Critical evaluation of resilience and health of soil resources has been fueled by a recent 70 urgency to understand anthropogenic impacts on environmental resources relating to local, 71 regional, and international environmental sustainability and quality (Doran and Zeiss, 72 2000; Glanz, 1995) . Urban expansion is a primary cause for these recent concerns. Currently, in 73 the USA and especially in the Midwest region, urban expansion is developing turfgrass 74 landscapes surrounding commercial sites, homes, and recreational areas on soils that have 75 been agriculturally managed for decades (Qian and Follett, 2002) . Often, golf courses are at the 76 forefront of conversations concerning anthropogenic environmental impacts since they account 77 for some of the most intensively managed soils in the world (Balogh and Walker, 1992) . 78 Limited information is available documenting changes in soils due to golf course 79 management, especially at depth, since most studies focus on the rooting depth of turfgrass 80 and near the surface where soils are engineered to ideal texture classes (Bauters et al., 2000) . 81 Qian and Follett (2002) conducted a study on the effects of landuse change to turfgrass on soil 82 organic matter (SOM) and found that previous landuse imparted a strong baseline control. (Table 2) . Generally, the roughs received the least 125 fertilizer while the tee boxes received the most. Four out of six roughs received no fertilizer.
126
Only one course (West 9) applied P fertilizer, whereas all courses applied N and K fertilizer. Each (Table 1) . 138 Continuous core was collected from each borehole by which the soil was described 139 according to Schoeneberger (2012) . Soil samples were collected, air dried and ground to pass a 140 2 mm sieve and lab analyzed according to Brown (1998) Implications of these results may be considered long-term. Soil physical properties, 233 especially soil particle size, develop naturally over geologic time-scales and even then, are 234 highly dependent upon the physical properties of the parent material. In the case of our study, 235 we have shown that surficial particle size content has been significantly altered by golf course (Blackmer et al., 1989) . However, the golf courses in our study applied varying rates of 281 slow release N fertilizer to Tee boxes and fairways, and only two courses (East 9 and 18) applied 282 N fertilizer to the roughs (Table 2) . We estimated (based on typical bulk density values for 283 surface soils in Iowa) that soil NO 3 concentrations ranged from 15-35 kg/ha for our study sites.
284
Our study shows evidence of higher NO 3 levels in golf course soils than that of typical between changes in golf course management and groundwater quality (Schilling and Streeter, 295 2018, 2017). Therefore, continued monitoring is necessary to assess changes in soil nutrients via 296 golf course management and their impacts on environmental quality over time.
297
P concentrations at the courses were not correlated with any other soil property 298 measured during our study. Furthermore, P fertilizer was only applied at 1 course (West 9) on 299 the rough. Typically, background P concentrations in Iowa soils vary from 0-100 mg/kg 300 depending on the mineralogy of the soil parent material (Fenton, 1999) . Loess derived soils 301 generally have the highest P, while glacial till derived soils will have some of the lowest P 302 concentrations (Fenton, 1999) . Similarly, our study identified the highest P concentrations at 
